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(54) Rotor position monitoring of a reluctance drive 



(57) A reluctance drive comprising a stator, a phase 
winding (16) on the stator, a rotor (12) that is movable 
relative to the stator, a controller for applying a current 
to the phase winding (13), a sensor for measuring the 
phase current in the winding (1 6), means adapted to de- 



tect when the phase current has passed its peak, means 
for computing when the peak phase current occurred 
using information on when the phase current passed its 
peak and means for determining rotor position using the 
computed position of the peak phase current. 
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D scription 

[0001 ] This invention relates to sensorless rotor posi- 
tion monitoring in reluctance machines, particularly in 
switched reluctance machines. 
[0002] The control and operation of switched reluc- 
tance machines generally are described in the paper 
"The Characteristics, Design and Applications of 
Switched Reluctance Motors and Drives" by J M 
Stephenson and R J Blake delivered at the PCIM'93 
Conference and Exhibition held in Numberg, Germany, 
21-24 June 1 993 and incorporated herein by reference. 
In that paper the "chopping" and "single-pulse" modes 
of energisation of switched reluctance machines are de- 
scribed for operation of the machine at low and high 
speeds respectively. 

[0003] A typical prior art drive is shown schematically 
in Figure 1 driving a load 19. This includes a DC power 
supply 11 that can be either a battery or rectified and 
filtered AC mains. Connected in parallel with the power 
supply 11 is a capacitor 25. Connected in parallel with 
the power supply 11 is a capacitor 25. The DC voltage 
provided by the power supply 1 1 is supplied across lines 
26 and 27 and switched across phase windings 16 of 
the motor 1 2 by a power converter 1 3 under the control 
of the electronic control unit 1 4. For proper operation of 
the drive, the switching must be correctly synchronised 
to the angle of rotation of the rotor. One of the many 
known converter topologies is shown in Figure 2, where 
a resistor 28 is connected in series with an upper switch 
21 , and with a lower switch 22 to provide a current feed- 
back signal. 

[0004] The performance of a switched reluctance ma- 
chine depends, in part, on the accurate timing of phase 
energisation with respect to rotor position. Detection of 
rotor position is conventionally achieved by using a 
transducer 15, shown schematically in Figure 1, such 
as a rotating toothed disk mounted on the machine rotor, 
which co-operates with an optical or magnetic sensor 
mounted on the stator. A pulse train indicative of rotor 
position relative to the stator is generated and supplied 
to control circuitry, allowing accurate phase energisa- 
tion. 

[0005] This system is simple and works well in many 
applications. However, the rotor position transducer in- 
creases the overall cost of assembly, adds extra electri- 
cal connections to the machine and is, therefore, a po- 
tential source of unreliability. In addition, at high speeds, 
the windage associated with the vane is a source of ad- 
ditional loss. 

[0006] Various methods for dispensing with the rotor 
position transducer have been proposed. Several of 
these are reviewed in "Sensorless Methods for Deter- 
mining the Rotor Position of Switched Reluctance Mo- 
tors" by W F Ray and I H Al-Bahadly, published in the 
Proceedings of The European Power Electronics Con- 
ference, Brighton, UK, 13-16 Sep 1993, Vol. 6, pp 7-13. 
[0007] Many of the methods proposed for rotor posi- 



tion estimation use the measurement of phase flux-link- 
age (i.e. the integral of applied voltage with respect to 
time) and current in one or more phases. Position is cal- 
culated using knowledge of the variation in inductance 
5 of the machine as a function of angle and current. This 
characteristic can be stored as a flux-linkage/angle/cur- 
rent table and is depicted graphically in Figure 3. The 
storage of this data involves the use of a large memory 
array and/or additional system overheads for interpola- 
te tion of data between stored points. 

Some methods make use of this data at low speeds 
where "chopping" current control is the dominant control 
strategy for varying the developed torque. Chopping 
control is illustrated graphically in Figure 4(a) in which 
15 the current and inductance waveforms are shown over 
a phase inductance period. (Note that the variation of 
inductance is depicted in idealised form.) These meth- 
ods usually employ diagnostic energisation pulses in 
non torque-productive phases (i.e. those phases which 
20 are not energised directly from the power supply at a 
particular moment). A method suited to low-speed op- 
eration is that proposed by N M Mvungi and J M 
Stephenson in "Accurate Sensorless Rotor Position De- 
tection in an S R Motor", published in Proceedings of 
25 the European Power Electronics Conference, Firenze, 
Italy, 1991, Vol.1, pp 390-393. 

[0008] Other methods operate in the "single-pulse" 
mode of energisation at higher speeds. This mode is il- 
lustrated in Figure 4(b) for motoring, in which the current 

30 and inductance waveforms are shown over a phase in- 
ductance period. It will be realised that the current wave- 
forms for generating are mirror images of the motoring 
waveforms. These methods monitor the operating volt- 
ages and currents of an active phase without interfering 

35 with normal operation. A typical higher speed method is 
described in International Patent Application WO 
91/02401. 

[0009] Both the chopping and single-pulse modes de- 
scribed above are normally used when the converter ap- 

40 plies a fixed value of supply voltage to the phase wind- 
ings: A further mode of control is the pulse width mod- 
ulated (PWM) mode, where one or more switches are 
switched rapidly to effectively produce a winding voltage 
that is proportional to the duty cycle of the PWM wave- 

45 form. This allows the use of single-pulse type current 
waveforms at much lower speeds than would be possi- 
ble on the full supply voltage. The current waveform 
could appear, at first sight, to be the same as that in 
Figure 4(b), but closer examination would reveal that it 

50 was made up of a large number of segments, corre- 
sponding to the current carried by the switches and di- 
odes respectively. Such operation is well known in the 
art and will not be described in further detail. 
[001 0] Having to store a two-dimensional array of ma- 

55 chine data in order to operate without a position sensor 
is an obvious disadvantage. Alternative methods have 
been proposed, which avoid the need for the majority of 
angularly referenced information and instead store data 
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at one angle only. One such method is described in Eu- 
ropean Patent Application EP-A-0573198 (Ray). This 
method aims to sense the phase flux-linkage and cur- 
rent at a predefined angle by adjusting the diagnostic 
point via the calculated deviation away from the desired 
point. Two one-dimensional tables are stored in the pre- 
ferred embodiment, one of flux-linkage versus current 
at a referenced rotor angle and another of the differential 
of flux-linkage with respect to rotor angle versus current. 
By monitoring phase voltage and current, the deviation 
away from a predicted angle can be assessed, with the 
aid of the look-up tables, and system operation can be 
adjusted accordingly. However, such methods, although 
reducing the amount of information which has to be 
stored, still have to detect or compute the flux-linkage 
at a specific rotor angle and may be sensitive to repeat- 
ability or manufacturing tolerances in the machine. 
[001 1 ] A similar approach is disclosed in US 57931 79 
(Watkins) where the arrival of the rotor at the peak of 
the inductance profile is predicted and the system is 
then put into a freewheeling mode, during which the gra- 
dient of the current is measured. A measurement of zero 
gradient is taken to indicate that the predicted point has 
been reached. While this works well in the absence of 
noise, it is not robust enough to disregard false readings 
produced by a noisy current waveform. Though the cur- 
rent waveform may be relatively immune to induced 
noise, a drive which uses a PWM voltage supply will 
generate a current waveform having a saw-tooth super- 
imposed on a smooth variation. This form of waveform 
effectively has a large noise content. In any case, the 
method of '179 cannot be used with a converter circuit 
which is not capable of freewheeling. 
[0012] Other authors have attempted to overcome 
these deficiencies. One method is described in the pa- 
per "A New Rotor Position Estimation Method for 
Switched Reluctance Motors using PWM Voltage Con- 
trol", by Gallegos-Lopez, G, Kjaer, PC & Miller, TJE, in 
Proc EPE'97, 7th European Conf on Power Electronics 
and Applications, 8-10 Sept 1997, Trondheim, Norway, 
Vol 3, pp 580 - 585, incorporated herein by reference. 
This discusses a method of continuously sampling the 
current waveform and attempting to detect the change 
in gradient which is produced by the start of pole overlap 
and the consequent sudden rise in inductance of the 
phase (see Figure 4(b)). The basic method described 
by Gallegos-Lopez et al involves detecting the point of 
pole overlap for motoring (or pole separation for gener- 
ating) by detecting where the rate of change of the cur- 
rent waveform, with respect to time, is zero. The method 
of detection uses discrete circuitry, including a differen- 
tiator, a comparator and a single shot multivibrator. The 
differentiator differentiates the current signal, so that at 
the point of zero di/dt the differentiator output is zero. 
The comparator is set up to detect this zero output from 
the differentiator and to flip state. 
[0013] While the system does not require either 
stored magnetisation data or an interval of freewheeling, 



it requires a high-grade form of current feedback and 
even then it has been found in practice that It cannot 
work reliably in the presence of noise, which generates 
spurious estimates of position. In addition, it cannot be 
5 used reliably with a low-cost form of current sensing, eg 
the resistor 28 in the bottom of the phase leg of Figure 
2, since the current information disappears when the 
switch is opened. 

[0014] It is therefore clear that there is a need for a 
10 sensorless control method that can work with any power 
converter circuit using any control strategy. There is also 
a need for a method that does not require large amounts 
of stored data or expensive current feedback and is ro- 
bust in the presence of noise on the waveforms from 
15 which it deduces position. Preferably, it does not require 
any stored magnetisation data. 
[0015] It is an object of the present invention to pro- 
vide a robust and cost-effective method of monitoring 
rotor position without using a rotor position transducer 
while also reducing the amount of stored data. 
[001 6] The present invention is defined in the accom- 
panying independent claims. Some preferred features 
are recited in the dependent claims. 
[001 7] The method in which the invention is embodied 
detects the position where, in motoring, the rotor poles 
begin to overlap the stator poles (which is the same point 
in generating where the poles begin to separate). Rather 
than follow known methods of detecting the zero slope 
in the phase current at that point, the point at which the 
current begins to fall, having reached its peak, is detect- 
ed. Sufficient samples of current are taken to ensure that 
the true current behaviour is being detected and then 
the point of pole overlap or separation is calculated. 
Since the sampling rate and calculation times are con- 
stant, it is then possible to predict accurately (given the 
machine speed) the occurrence of the pole overlap in 
the next phase to be energised. The sampling of current 
can be done with a low-cost current sensor and, if PWM 
operation is being used, the sampling can be synchro- 
nised with a particular switch state, thus allowing chop- 
ping with the switch adjacent to the current sense resis- 
tor, if required. 

[0018] The invention can be put into practice in a 
number of ways, some of which will now be described 
by way of example and with reference to the accompa- 
nying drawings in which: 

Figure 1 shows a typical prior art switched reluc- 
tance drive; 

Figure 2 shows a known topology of one phase of 
the converter of Figure 1 ; 
Figure 3 shows typical flux-linkage vs phase current 
curves, with rotor position as a parameter; 
Figure 4(a) shows a typical motoring current wave- 
form in chopping control; 

Figure 4(b) shows a typical motoring current wave- 
form in single-pulse control; 
Figure 5 shows in schematic form a switched reluc- 
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tance drive, in which the invention is embodied; 
Figure 6 shows current and pulse waveforms in the 
drive of Figure 5; 

Figure 7 shows a current waveform where the cur- 
rent has reached a peak and is falling, and 
Figure 8 shows a converter topology for the drive of 
Figure 5, which is suitable for operation in both mo- 
toring and generating modes. 

[0019] The phase inductance cycle of a switched re- 
luctance machine is the period of the variation of induct- 
ance for the, or each, phase, for example between maxi- 
ma when the rotor poles and the relevant respective sta- 
tor poles are fully aligned. The illustrative embodiment 
to be described uses a 3-phase switched reluctance 
drive in the motoring mode, but any phase number could 
be used, with the drive in either motoring or generating 
mode. 

[0020] Figure 5 shows a system for implementing the 
method in which the invention is embodied. In this, a 
power converter 13, which is typically the same as that 
shown in Figure 2, is provided for controlling the 
switched reluctance machine. Controlling the convertor 
1 3 is a microcontroller 1 7. For a single-chip solution, the 
microcontroller 1 7 must have at least one on-chip ana- 
logue to digital converter. A suitable component is a Mi- 
crochip PIC 1 6C72A. It has an 8-bit 4-channel analogue 
to digital (A/D) converter and is a cheap, versatile mi- 
crocontroller. The circuit shown in Figure 5 is suitable 
for use where low-cost current sensing and PWM oper- 
ation with bottom switch chopping is used. The signal 
representing the phase current is fed directly into the 
input of one of the 8-bit A/D converter channels of the 
microcontroller 17 on signal line 18. Filtering for noise 
rejection can be added if required. 
[0021 ] The system of Figure 5 is adapted to detect the 
rotor position by sampling the phase current, detecting 
when it has passed its peak and computing when the 
peak current happened by monitoring the gradient of a 
plot of current against time. When the gradient becomes 
negative, this indicates that the peak has been passed 
and allows a measure of the rotor position. This is a ro- 
bust method, which overcomes the disadvantages of 
the prior art. 

[0022] The phase current information in the system of 
Figure 5 can be provided from, for example, a Hall effect 
device or from the resistive sensor 28, which is in series 
with the lower switch 22. If the phase current information 
is provided from a Hall-effect device or if the machine is 
working in true single-pulse mode, information repre- 
senting the magnitude of the current is present all the 
time and samples can be taken anywhere within the 
conduction period. However, if the current feedback is 
from the resistive sensor 28 in series with the lower 
switch 22 and the machine is being run on a PWM sup- 
ply using bottom switch chopping, it is important that the 
sampling is synchronised to the periods when the switch 
is on and current information is present. 



[0023] Figure 6 shows waveforms from the machine 
of Figure 5. For the sake of clarity, the timebase of the 
figure has been greatly expanded. The bottom switch 
22 current is shown and the PWM frequency in this ex- 

5 ample is 20kHz. It can be clearly seen that the current 
rises rapidly as the switch 22 is turning on and picking 
up the phase current from the diodes 23 and 24. Once 
on, the current in the switch 22 equals the phase current, 
and this is the region where the current sample or sam- 

10 pies need to be taken to obtain a correct reading. The 
timing pulse is a signal whose rising edge is used to de- 
fine the point at which the sample is actually taken. This 
clearly shows that the sample is synchronised to the turn 
on of the switch 22 and samples a predetermined 

15 amount of time after the switch has turned on. This delay 
before sampling is deliberate and can be adjusted. An 
alternative embodiment, which may be more conven- 
ient, is to dispense with the timing pulse and allow the 
microprocessor to time out a pre-set delay triggered 

20 from the firing pulse for the switch, after which a sample 
is taken. 

[0024] In the example shown in Figure 6, the two 
switch current pulses are equal in magnitude, indicating 
that pole overlap has been reached. The lowest trace 

25 shows the actual sensorless detection pulse generated 
by the microprocessor 1 7. It can be seen that the tran- 
sition in this trace is delayed from the point of sample 
due to the computation time required for the A/D to finish 
its conversion and the PIC to determine whether or not 

30 the desired position has been reached. 

[0025] The simplest form of implementation within the 
PIC is to use a logical differentiator. Every time a sample 
is taken, it is compared with the previous sample. If both 
samples are equal, then there has been no change in 

35 the magnitude of the current waveform. Hence, the point 
of zero di/dt has been reached which, as described in 
the Gallegos-Lopez paper, is assumed to be the point 
of pole overlap or separation, depending on whether the 
machine is motoring or generating. However, as men- 

40 tioned previously, whilst detection of the zero di/dt 
seems like an ideal solution to the sensorless issue, in 
practice it has limitations and is unreliable. One problem 
of using this method in the system of Figure 5 is due to 
the limitations of the A/D converter. At high speeds, 

45 there are a limited number of samples that can be taken 
within the conduction period at a fixed frequency. There 
is, therefore, little chance that there will be sufficient 
samples to obtain two of equal amplitude for the proc- 
essor algorithm to detect a zero difference at the point 

50 of pole overlap. At low speeds, the algorithm fails due 
to the amplitude resolution of the A/D being only 8 bits. 
Although many samples may be taken close together 
and the rate at which the current is changing in relation 
to the sample time and frequency is low, it is probable 

55 that the slowly changing waveform will not have 
changed by 1 least significant bits worth of amplitude 
and so the A/D detects the same level of amplitude on 
successive samples. The circuit therefore assumes a 



4 



7 



EP1 109 309 A2 



8 



point of zero di/dt and outputs a detection pulse indicat- 
ing pole overlap. Although it would be easy to lock out 
zero di/dt detection after the first pulse is given to stop 
multiple pulses, this first one could well be in completely 
the wrong place. A higher resolution (and more costly) 
A/D would improve the performance, but would still suf- 
fer the same problem at some lower speed. 
[0026] As previously mentioned, a more robust ap- 
proach is to use a method of slope detection which de- 
tects the onset of the downwards slope after the peak 
current has been reached. Though this inevitably inserts 
a delay in detection of the point of pole overlap, the delay 
is, in fact, constant and this can be compensated for in 
the controller. The controller can therefore predict ex- 
actly when the next point of pole overlap will be encoun- 
tered. 

[0027] In order to perform slope detection, the micro- 
processor 17 includes an algorithm that compares a 
sample with the previous sample (as in the implemen- 
tation described earlier). However, rather than looking 
for two equal samples, it ignores all the samples equal 
to, or greater than, the previous one (i.e. when the wave- 
form is increasing or is flat). Once the point is reached 
where the present sample is less than the previous sam- 
ple, it can be assumed that the peak (zero di/dt) point 
has been reached and the waveform is now falling with 
a negative slope. This technique generates a sensor- 
less detection pulse typically two samples after the true 
peak, with the sampling time being a fixed known quan- 
tity. This known time of two sample periods can then be 
compensated in the angle control software. Figure 7 
shows a typical waveform on which the algorithm would 
work: the Figure shows two current pulses of equal mag- 
nitude, followed by gradually reducing pulses, indicating 
that the current has passed its peak and the gradient is 
now negative. 

[0028] This approach works quite well in practice but, 
though it is markedly better than the method used by 
Gallegos-Lopez, it has been found that the system can 
occasionally be fooled into detecting a false point if there 
is sufficient noise on the current detection signal. Im- 
proved performance can'be achieved by modifying the 
algorithm to detect a continuous negative slope over 
several samples, rather than assuming that the first neg- 
ative slope computed is the true first sample after the 
peak of the current waveform. By looking for, say, two 
or more negative slope results from the samples and 
ignoring any zero change results (due to slow rates of 
change at low speed and poor A/D resolution), it is safe 
to assume that the slope is definitely falling. The detec- 
tion pulse is further delayed after the point of zero di/dt 
by a minimum of three samples, but this can be com- 
pensated for in the SR control as it is a known quantity 
of time. 

[0029] This approach can potentially add some slight 
inaccuracy at low speeds when the waveform changes 
slowly and multiple samples of the same level (due to 
the poor A/D resolution) could result, thus increasing the 



delay of the pulse from the true point of zero di/dt. How- 
ever, for this to happen, the speeds would be very low 
indeed for the waveform to change so slowly, and the 
actual delay would be negligible in terms of rotor angle, 
5 so that the slight inaccuracy of position detection is not 
a problem. In practice, the algorithm works consistently 
in a robust manner. In theory, 'n' negative slope detec- 
tions can be used where 'n' is an integer from 2 to the 
maximum number of samples that can fit into the con- 
duction region after the point of zero di/dt. In practice, n 
= 4 or 5 would produce an extremely robust system, ca- 
pable of giving accurate detection in the presence of 
substantial noise on the current signal. However, n = 2 
still works very well with an 8 bit resolution A/D. 
[0030] At high speeds, a different problem arises. If 
the speed of the machine is very high then the sample 
rate may not allow enough samples in the conduction 
period to ensure that the peak is accurately detected. 
However, at this point some robustness can be traded 
off for increased speed range by successively reducing 
the number of negative slope detections as the speed 
rises. The controller can be programmed to vary the 
number of negative slope detections according to the 
band in which the speed lies according to the following 
example: 



Speed range 


Detections 


200 -1000 


5 


1000-2000 


4 


2000- 10000 


3 


10000- 15000 


2 



[0031] The exact values will naturally depend on the 
phase number of the drive, the PWM frequency, the 
overall speed range, etc, as will readily be appreciated 
by the skilled person. 

[0032] it will be appreciated that in all the embodi- 
ments described above, the step of calculating rotor po- 
sition form the discovered position of peak current is rel- 
atively simple. The position of pole overlap is fixed by 
the pole arc geometry of the machine and, as described 
earlier, it is know that this is substantially the position at 
which the peal current occurs. Hence, the actual rotor 
position is given by the simple addition of the position 
displacement that corresponds to the rotor speed and 
the known time required to complete the sampling. 
[0033] The example described above has been for the 
motoring mode of operation. It will be appreciated that 
the technique can be used to equal effect in the gener- 
ating mode. In this case it is appropriate to feed back a 
measure of current while the diode(s) are conducting, 
so a phase leg topology such as shown in Figure 8 is 
suitable. This circuit is similar to that of Figure 2, but 
includes an additional current sensor 29 in series with 
diode 24. The feedback signal from sensor 29 can either 
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be fed to a second A/D channel in the microprocessor 
or multiplexed using a known technique into signal line 
18 of Figure 5. By sampling the current in diode 24, the 
controller is able to detect the point of pole separation 
using the method described above and thereby deter- 
mine the rotor position. 

[0034] The technique is not restricted to the arrange- 
ment of Figure 8. If the current waveforms are such that 
a current sensor, arranged to sense the combined cur- 
rents of all the phases, provides a signal that can 
uniquely identify the individual currents, then the inven- 
tion can be applied to this arrangement. 
[0035] As will be appreciated, the switched reluctance 
drive in which the invention is embodied can be control- 
led without using a physical rotor position detector. This 
can be done because the control method continuously 
samples the current waveform using current feedback 
from a simple, non-isolated current sensor; detects the 
point at which the slope of the current waveform goes 
negative; uses this information to compute the point at 
which the slope was previously zero and uses the com- 
puted zero slope point to calculate rotor position. This 
is a simple and robust method. 
[0036] The skilled person will appreciate that varia- 
tions of the disclosed arrangements are possible without 
departing from the invention, particularly in the details 
of the implementation of the algorithm in the microproc- 
essor. Accordingly, the above description of several em- 
bodiments is made by way of example and not for the 
purposes of limitation. It will be clear to the skilled person 
that minor modifications can be made to the drive circuit 
without significant changes to the operation described 
above. The present invention is intended to be limited 
only by the scope of the following claims. 



Claims 

1. A method for determining rotor position in a reluc- 
tance drive comprising sampling phase current, de- 
tecting when the phase current has passed its peak, 
computing when the peak phase current occurred 
using information on when the phase current 
passed its peak and determining rotor position us- 
ing the computed peak phase current. 

2. A method as claimed in claim 1 , wherein detecting 
when the phase current passed its peak involves 
monitoring the rate of change of current against 
time. 

3. A method as claimed in claim 2, wherein the sample 
rate is dependent on the speed of the rotor. 

4. A method as claimed in claim 3, comprising moni- 
toring the speed of the rotor and varying the sample 
rate depending on the measured speed. 



5. A method as claimed in claim 3 or claim 4, wherein 
the sampling is done using an analogue to digital 
converter. 

5 6. A method as claimed in any one of the preceding 
claims, wherein the sensor comprises a resistor. 

7. A method as claimed in claim 6 that is used in a 
drive that is supplied from a power converter that 
10 has at least one switch connected to a zero voltage 
line through the resistor, wherein the sampling of 
the current is synchronised with a switching cycle 
of the switch. 

15 8. A method as claimed in any one of the preceding 
claims, wherein the drive is a switched reluctance 
drive. 

9. A method as claimed in any one of the preceding 
20 claims, wherein the drive is operated in a motoring 

or a generating mode. 

10. A reluctance drive comprising a stator, a phase 
winding on the stator, a rotor that is movable relative 

25 to the stator, a controller for applying a current to 
the phase winding, means for measuring phase cur- 
rent in the winding, means adapted to detect when 
the phase current has passed its peak, means for 
computing when the peak phase current occurred 
30 using information on when the phase current 
passed its peak and means for computing rotor po- 
sition using the computed position of the peak 
phase current. 

35 11. A reluctance drive as claimed in claim 10, wherein 
the means adapted to detect when the phase cur- 
rent has passed its peak are operable to monitor 
the rate of change of phase current against time. 

40 12. A reluctance drive as claimed in claim 11, wherein 
the means adapted to detect when the phase cur- 
rent has passed its peak include means for sam- 
pling the phase current at discrete intervals of time. 

45 13. A reluctance drive as claimed in claim 12, wherein 
at least one negative slope in the rate of change of 
phase current against time indicates that the current 
has passed its peak value. 

50 14. A reluctance drive as claimed in claim 12 or claim 
13, wherein the sample rate is dependent on the 
speed of the rotor. 

15. A reluctance drive as claimed in claim 14, compris- 
es jng means for monitoring the speed of the rotor and 
varying the sample rate according to the measured 
speed. 
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1 6. A reluctance drive as claimed in claim 1 2 or claim 
13, wherein the means for sampling is an analogue 
to digital converter. 

17. A reluctance drive as claimed in any one of claims 5 
10 to 16, wherein the means adapted to detect are 
provided in a microprocessor. 

18. A reluctance drive as claimed in claim 17, wherein 
the microprocessor is a Microchip PIC 1 6C72A. 10 

1 9. A reluctance drive as claimed in any one of claims 
10 to 18, wherein the sensor comprises a resistor. 

20. A reluctance drive as claimed in claim 19, wherein 15 
the drive is a switched reluctance drive that is sup- 
plied by a power converter having at least one 
switch connected to a zero voltage line through the 
resistor and the means for sampling the phase cur- 
rent are synchronised with a switching cycle of the 20 
switch. 

21 . A computer program, preferably on a data carrier or 
some other computer readable medium, for deter- 
mining rotor position in a reluctance machine, the 25 
computer program having instructions for control- 
ling sampling of phase current, detecting when the 
phase current has passed its peak, computing when 

the peak phase current occurred using information 
on when the phase current passed its peak and de- 30 
termining rotor position using the computed peak 
phase current. 

22. A computer program as claimed in claim 21 , where- 
in detecting when the phase current passed its peak 35 
involves controlling the sampling to monitor the rate 

of change of current against time. 

23. A computer program as claimed in claim 22, where- 
in the instructions for controlling set a sample rate *o 
depending on the speed of the rotor. 

24. A computer program as claimed in claim 23, com- 
prising instructions for noting a measured speed of 

the rotor and varying the sample rate depending on 45 
the measured speed. 

25. A computer program as claimed in claim 24 adapted 
to control a drive that is supplied from a power con- 
verter having at least one switch connected to a ze- so 
ro voltage line through a resistive current sensor, 
wherein the computer program is adapted to control 
sampling of the current so that it is synchronised 
with a switching cycle of the switch. 
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